Background: Discharge due to superficial wound infection and sternal dehiscence are the common complications of median sternotomy. This condition leads to mediastinitis. Mediastinitis is a serious condition which increases morbidity, mortality and hospital costs. The correct time for surgical treatment is contraversial in cases who have sternal dehiscence and discharge due to superficial infection. In this study, patients received sternal stabilization as soon as a diagnosis was made and monitored for the development of mediastinitis. Methods: Among the 1440 patients who had undergone elective CABG, a total of 85 patients who developed sternal dehiscence and superficial wound discharge were included in this study. These patients were re-operated on as soon as diagnosed and early sternal stabilization was provided. Results: The ratio of overall dehiscence was 5.9%. Mediastinitis developed in only 2 of the 85 patients. These patients were treated with VAC (Vacuum Assisted Closure) therapy. The ratio of overall mediastinitis was 0.13. Mediastinitis-related mortality was not detected. Conclusion: The ratio of mediastinitis decreases when patients who have discharge due to sternal dehiscence and superficial wound infection are immediately reviewed without waiting for the results of conventional methods such as antibiotic treatment and chest binder support.
Introduction
Approximately 700,000 open heart procedures are performed every year in the United States and of these, more than 67% are coronary artery bypass grafting procedures. Median sternotomy represents the main approach in cardiac surgery as it allows access to all important structures of the heart. Sternal dehiscence which is defined as the separation of the bony sternum, is an infrequent but serious complication that is often a precursor to mediastinitis. Mediastinitis is a severe complication of cardiac surgery and is also associated with serious mortality and cost [1, 2] . It is a devastating infectious complication, involving the mediastinal space of the chest. The literature reports mediastinitis rates following cardiac surgery of between 0.5% and 5%, with a mortality rate as high as 40% [3, 4] .
The correct time for surgical intervention is contraversial in patients who have discharge from the wound due to sternal instability and superficial wound infection in the early period following open heart surgery. Usually, the initial treatment of discharge is by the administration of broad spectrum antibiotics and the recovery of the sternum is provided with chest binder support. However, some of these patients develop mediastinitis. In this study, patients who developed (serosanguinous or purulent) discharge at the wound site, in addition to sternal dehiscence in the early period following coronary artery bypass, were immediately evaluated and they underwent reoperation for sternal stabilization. Patients were monitored for mediastinitis development and the results were reported.
Patients and Methods
We reviewed data on 1440 consecutive patients who underwent elective coronary artery bypass surgery between 2010 and 2013. Among these patients, 85 (5.90%) had experienced superficial wound infection (serosangineous or purulent discharge from the skin without fever) and sternal dehiscence within 2 weeks after the operation. It's the period including in-hospital stay and the first week check-up following cardiac surgery. Although we did not have any, patients who were considered to have mediastinitis when sternal dehiscence was detected, were excluded. Also, redo operations, sternal fractures and reexploration for bleeding were the other exclusion criteria.
Post-sternotomy mediastinits was defined according to the guidelines of the Centers for Disease Control and Prevention (CDC). Diagnosis required at least one of the following criteria: 1) an organism was isolated from cultures of mediastinal tissue or fluid obtained during surgery or needle aspiration; 2) evidence of mediastinitis was seen during operation; or 3) chest pain, sternal instability, or fever (>38˚C) was present in addition to purulent discharge from the mediastinum or an organism that was isolated from blood cultures or cultures of drainage from the mediastinal area.
During bypass surgery, the same sternal closure technique was applied in all patients. Before surgery and after cleaning with 10% povidone iodine solution, the skin was covered with polyurethane drapes. Bone wax was never used for hemostasis because of its negative effect on wound healing. The sternum was closed using No.6 steel wires. The wires were passed through the sternum approximately 1 to 1.5 cm lateral to the midline. The 2 free ends of the wire were pulled and then crossed in a figure-of-8 configuration. Using a rotary movement of the wrist along with a vertical pull on the wires, the wires were twisted tightly until the 2 bone edges approximated. Four figure-of-eight sutures were used in all patients (Figure 1) . Cefazolin 1 gr. was administered within 30 min before the initial incision and was continued for 72 h postoperatively as antibiotic prophylaxis.
Sternal weave closure technique (Robicsek) was performed for 85 patients who had sternal instability in addition to superficial wound infection with serosangineous or purulent discharge from the skin without fever. A pericostal weave was achieved by passing the wire through the intercostal spaces anteriorly and posteriorly in an alternating sequence up to the xiphoid process. The same wire was reversed to pass through the intercostal spaces in the reverse direction from the xiphoid process up to the manubrium. The free ends of the wire on the anterior plane of the manubrium were twisted. Two transmanubrial and 4 -6 parasternal single wire loops were placed around the bilateral pericostal weave (Figure 2) . Antibiotic treatmet was given according to antibiogram results. All patients were given chest binder support and advised to move carefully so that strain was not put on the sternum.
Results
The demografic profile and risk factors of the study group (n: 85) were shown in Table 1 . Diabetes mellitus, obesity and smoking were the most common comorbidities among the patients with sternal instability.
Obesity was defined as body mass index >30 kg/m 2 . Renal failure was defined as a postoperative serum crea- Table 2 . Antimicrobial therapy was planned due to antibiograms.
Two patients experienced mediastinitis caused by Staphylococcus aureus isolates which were sensitive to teicoplanin. Both of them were diabetic obese patients. They were treated with vacuum-assisted closure (VAC). The therapy unit delivered a continuous negative pressure of 100 -125 mmHg. The VAC dressings were changed twice a week. The criteria for VAC removal were, negative bacterial culture, absence of fever, falling C-reactive protein levels and clinically healthy granulating wound. Both patients recovered in a few weeks with long-term antibiotics therapy.
Overall sternal dehiscence rate was 5.90%. Mediastinits rate was found 0.13% and mortality due to mediastinits was not detected ( Table 3 ).
Discussion
Sternotomy provides excellent access to the heart and great vessels since it was first introduced by Julian et al. in 1957 [5] . However it is associated with many complications such as sternal dehiscence and mediastinitis that cause tremendous morbidity, mortality and cost. The optimal technique for sternal closure is unclear. Simple interrupted sutures, figure-of-eight closure, ory any other technique can be used in routine cases. It depends on the surgeon's preference and experience. Although reinforced closure techniques are less attractive options for routine closure because they are considered to be time-consuming and to have a high risk for bleeding, some authors suggest that prophylactic sternal weave closure is more beneficial for diabetic obese patients undergoing CABG [3] .
Casha and colleagues calculated that the force generated during coughing is approximately 150 kg, and they recommended that at least 6 simple interrupted wires should be used for sternal closure [6] . In our study, we used 4 figure-of-eight sutures in all cases. In patients who underwent reoperation for revision of sternal instability, we used 8 interrupted wires (2 transmanubrial and 6 parasternal) around a continuous vertical pericostal weave.
Risk factors for mediastinitis are off-midline sternotomy, osteoporosis, prolonged cardiopulmonary bypass, transverse fractures of the sternum, bilateral internal mammary artery harvesting, chronic obstructive pulmonary disease, redo operations, reanl failure, diabetes mellitus, chronic steroid use, obesity, concurrent infection and prolonged respiratory [7] . Diabetes mellitus, obesity and smoking were the most common comorbidities among the patients with sternal instability in our study. Also, the patients who experienced mediastinitis had diabetes mellitus and obesity.
In 1963 Shumacker and Mandelbaum described a method for the treatment of postoperative mediastinitis [8] . Their approach included surgical debridement, insertion of a drainage system with continuous irrigation and primary wound closure. Some centers still use this conventional therapy.
The vacuum-assisted closure (VAC) was introduced in closed treatment. Besides an improved local perfusionand oxygenation, the quantitative bacterial florais rapidly reduced and the formation of scar tissue is stimulated. Several studies showed the benefits of a VAC therapy in terms of shorter hospitalizations, earlier secondary wound closure and a lower mortality compared to conventional therapy [9, 10] . We used VAC therapy to treat our patients with mediasitinitis. They recovered well in a few weeks.
In our study, the ratio of overall sternal dehiscence was found as 5.9%, which is consistent with literature. However, early sternal stabilization was performed when discharge was seen, so the ratio of mediastinitis was lower when compared to that found in literature.
Conclusion
Sternal instability leads to mediastinitis when it coexists with superficial wound infection. When such a condition is detected in the early post-operative period of patients who have had open heart surgery, the patient should be evaluated immediately without losing any time with chest binder support or antibiotic therapy. The ratio of mediastinitis significantly decreases in patients that have early sternal stabilization.
